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(54) Toner for developing an electrostatic image 

(57) The toner for developing an electrostatic image 
has toner particles containing at least binder resin and 
colorant. The resin components of a range of 2,000 to 
100,000 in molecular weight, prepared by preparatory 
liquid chromatograph from the binder resin, exhibit an 



M/S ratio of 200 or greater and are 50% to 90% in abun- 
dance. The M and S stand for a weight average molec- 
ular weight (M) measured by means of light scattering 
method and an inertia radius (S) measured by means 
of light scattering method, respectively 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to toner for developing an electrostatic image, for use with image forming methods 
such as electrophotography, electrostatic recording, electrostatic printing, and the like. 

10 Related Background Art 

There are many known methods for electrophotography, such as those disclosed in U.S. Patent No. 2,297,691, 
Japanese Patent Publication No. 42-23910, and Japanese Patent Publication No. 43-24748. Generally, a photo-elec- 
troconductive material is employed to form a latent electrical image upon a photosensitive member by means of a 
variety of means, then the aforementioned latent image is developed using toner and transferred as necessary to a 
transfer medium such as paper, and the image is fixed to the transfer medium by means of heating, pressurizing, 
heating and pressurizing, or solvent vapor, thereby obtaining a toner image. 

While there are may methods and apparatuses which have been developed relating to the aforementioned final 
process of fixing the toner image to a sheet such as paper, at the present, the most common method is the pressurizing- 
heating method using a heating roller. The pressurizing-heating method using a heating roller fixes a toner image to 
the fixing sheet material by causing the sheet on which the image is to be fixed to pass across a heating roller which 
has separatability regarding toner, in such a manner that the surface of the roller comes into contact with the toner 
image side of the fixing sheet and applies pressure thereto. This method allows of speedy fixing, since the thermal 
efficiency of fusing the toner image upon the fixing sheet is excellent, due to the heating roller and the toner image on 
^5 the fixing sheet coming into direct contact under pressure. 

The present state is, though, that different toners are being used for the various types of photocopiers and printers. 
This is mainly due to the difference in fixing speed and fixing temperature of the apparatuses. These differences are 
resultant of the fact that an offset phenomena is greatly affected by the fixing speed and fixing temperature. The offset 
phenomena is a phenomena wherein part of the toner image, being in a molten state when coming into contact with 
20 the surface of the heating roller, adheres to the surface of the fixing roller during pressurization, and the toner which 
has adhered to the fixing roller is then re-transferred to the next sheet, thereby soiling it. Generally, the heating roller 
temperature is set at a low temperature in the event that the fixing speed is slow, and the heating roller temperature 
is set at a high temperature in the event that the fixing speed is fast. This is to stabilize the amount of heat provided 
to the toner by the heating roller for fixing the image at an approximate constant, regardless of the fixing speed. 
35 However, there are several layers of toner formed on the sheet to which the image is to be fixed. Accordingly, 

particularly with systems wherein the fixing speed is fast and the heating roller temperature is high, the temperature 
difference between the toner layer which comes into contact with the heating roller and the toner layer wich is in contact 
with the fixing sheet becomes extremely great. Consequently, the topmost layer exhibits toner offset if the temperature 
of the heating roller is high. On the other hand, if the temperature of the heating roller is low, the toner in the bottom- 
most layer is not molten sufficiently, meaning that the toner is not completely fixed to the fixing sheet, thereby resulting 
in a phenomena called low-temperature offset. 

A method generally practiced in order to solve this problem is to cause toner anchoring to the fixing sheet by raising 
the contact pressure during fixing, in the event that the fixing speed is fast. By employing such a method, the temperature 
of the heating roller can be lowered to a certain extent, and high-temperature offset phenomena occurring at the topmost 
layer can be prevented. However, this causes an extremely great shearing force to be placed on the toner, resulting 
in wrapping offset wherein the fixing sheet is wrapped onto the fixing roller, or visibly leaving traces of separating 
members for separating the fixing sheet from the fixing roller, such as separating claws, on the image. Moreover, this 
method can cause deterioration of the fixed image such as lines being smashed out of form during fixing or toner being 
splattered on the image, due to the high pressure. 
so Accordingly, high-speed fixing is generally conducted by using toner which is lower in melting viscosity than that 

used for fixing at slower speeds, thereby lowering the heating roller temperature and fixing pressure, so that the fixing 
can be conducted while preventing high-temperature offset and wrapping offset. However, when such toner with a low 
melting viscosity is employed for low-speed fixing, offset tends to occur at higher temperatures, owing to the low vis- 
cosity thereof. 

Methods for lowering the viscosity of the toner include such as lowering the glass transition point of the polymers 
or lowering the molecular weight thereof. However, in the event that the former method is employed, the storability of 
the toner is diminished, and in the event that the latter method is employed, the ability to avoid offset at high temper- 
atures and frictional electrification properties deteriorate, and further, adhesion of toner to the photosensitive member 
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occurs more easily. Regarding methods for increasing the degree of branching of polymers on vinyl resins, disclosed 
in Japanese Patent Application Laid-Open No. 3-87753 and Japanese Patent Application Laid-Open No. 3-203746 is 
a method using macro-monomers, and disclosed in Japanese Patent Application Laid-Open No. 4-24648 is a method 
using e'-caprolactone-modified hydroxy vinyl monomers. However, when much macro-monomers are used in these 
s methods to make higher the branching degree, the glass transition temperature of the resin is lowered, thereby dete- 
riorating the storability. 

As for methods for maintaining the storability of the toner at a favorable level, the following may be given: increasing 
the molecular weight of the main chain of the polymer so as to raise the glass transition temperature thereof; or altering 
the monomer composition of the main chain of the polymer so as to raise the glass transition temperature without 

10 changing the molecular weight. However, whichever of these methods is used, the fixing temperature rises, and con- 
sequently the effects of lowering fixing temperature by means of increasing the degree of branching are diminished. 
This is owing to the great effects of the composition of macro-monomers in the polymer. Polymerization of a great 
quantity of macro-monomers within the polymer chain worsens the storability of the toner. Accordingly, in order to 
improve the storability of the polymers, the glass transition temperature of the main chain must be further raised for 

is the sake of some of the polymers which have an uneven distribution of a great quantity of macro-monomers, resulting 
in deterioration of fixability. In other words, the increase in viscosity due to the increase in glass transition temperature 
of the main chain cancels out the effects of lowering viscosity by means of branching, owing to the overly-great differ- 
ence in the glass transition temperature between the main chain and the branched chain. 

As for methods for increasing the degree of branching of polyester resins, methods using polycarboxylic acid or 

20 polyahydric alcohol, having 3 or more hydroxyl or carboxyl groups, or using dicarboxylic acid with side chain or dio! 
with side chain, are disclosed in Japanese Patent Application Laid-Open No. 59-228658 and Japanese Patent Appli- 
cation Laid-Open No. 62-195678. However, as mentioned regarding vinyl resins, the increase in glass transition tem- 
perature of the main chain cancels out the effects of lowering viscosity attempted by means of lowering the glass 
transition temperature of the polymer and increasing branching, since the side chain of dicarboxylic acid or diol with 

25 side chain are of aliphatic groups. Regarding the method using the polycarboxylic acid or polyhydric alcohol, the degree 
of branching is increased, but the gel content (matter insoluble in THF) increases as well, so that while high-temperature 
offset is improved, the fixing temperature increases. 

In Japanese Patent Application Laid-Open Nos. 63-225244 through 225246, methods using a blend of two types 
of non-linear polyester with differing softening points are disclosed, and disclosed in Japanese Patent Application Laid- 

30 Open No. 5-249736 is a method using a resin comprised of high-density crosslinkage micro-gel particles containing 
linear portions and crosslinked portions. 

With the former method, adjustment of the degree of branching is extremely difficult, since preparation thereof is 
made with dicarboxylic acid and dihydric alcohol being placed In the same container with polycarboxylic acid or poly- 
hydric alcohol having 3 or more hydroxyl or carboxyl groups. 

•35 As can be understood, there is demand for a toner for heating and pressurizing fixing which has a wide fixing 

temperature range suitably adaptable to speeds both low and high, and has excellent anti-offset properties. 

Further, in recent years, digitalization of photocopiers and further reduction in the size of toner particles proceed 
while aiming at higher image quality in copied images. It is required that photograph images containing characters 
exhibit clarity in the characters and that photograph images themselves exhibit density gradation true to the original. 

40 Generally when taking copies of photograph images containing characters, raising the line density in order to make 
the characters clear not only degrades the density gradation of the photograph image, but also causes a very rough 
image at the half-tone portions. 

Further, raising the line density may result in a phenomena called "hollowing-out", wherein the large amount of 
toner deposited on the recording medium during the toner transfer process causes some of the toner to adhere to the 

45 photosensitive member against which it is pressed, thereby pulling out some of the toner in the central portions of lines, 
hence the term It is needless to say that an image with hollowing out is of poor quality. On the other hand, attempts to 
improve the density gradation properties of the photograph image lowers the character line density, thereby reducing 
clarity. 

While miniaturization of the toner particles can improve the resolution and clarity of the image, various problems 
50 are apt to occur. 

In the first place, miniaturization of toner particles diminishes the fixability of half-tone portions. This phenomena 
is particularly evident in high-speed fixing. This is because there is little toner deposited on the half-tone portions, and 
the toner transferred to the concave portions of the fixing sheet receive little heat from the heating roller, in addition to 
the pressure thereof being controlled by the convex portions of the fixing sheet. The toner particles transferred to half- 
55 tone images at the convex portions of the fixing sheet are each subjected to shearing force much greater than that of 
solid portions where the toner layer is thick. This is because the toner layer is thin, and such a condition may result in 
offset phenomena and copied images of low quality. 

Further, making the toner particles smaller increases the surface area of the toner per unit weight, thereby increas- 
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ing the range of toner charge distribution, consequently making it easier for fogging to occur. When the surface area 
of the toner per unit weight is increased: the frictional electrification properties of the toner is liable to be affected by 
the environment. If the toner particles are made to be too small, the dispersion state of magnetic material and colorant 
tends to more affect the charging properties of the toner. When such small toner particles are used in high-speed 

5 photocopiers, over-charging tends to occur in low-humidity conditions, causing fogging and decrease in density. 

In using multi-functional photocopiers which use light exposure to leave part of an image blank for inserting an 
image of another color in multi-color copying, or to create a blank frame around the edges of the copying paper, fogging 
tends to occur at the image portions which have been left blank. When strong light is used to erase the image by 
applying a potential which is inverse to the latent image potential by means of light-emitting diodes or fuse lamps, the 

io tendency for fogging to occur at that portion increases even further. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide toner which solves problems such as the aforemen- 
15 tioned. 

Another object of the present invention is to provide toner which can be used at speeds ranging from low to high 
without diminishing the fixability thereof and maintaining excellent anti-offset properties. 

Still another object of the present invention is to provide toner which can be used at speeds ranging from low to 
high and exhibiting excellent fixability at half-tone portions even when toner with small grains or minute grains is used, 
20 and capable of giving copied images of good quality under such conditions. 

A further object of the present invention is to provide toner which can be used at speeds ranging from low to high 
without fogging, and capable of giving copied images of high density under such conditions. 

A still further object of the present invention is to provide toner which is not affected by environmental fluctuations 
and which is capable of giving copied images of good quality even under conditions of low or high humidity. 
25 Yet, it is another object of the present invention is to provide toner which provides good image quality in a stable 

manner even when used with high-speed photocopiers, and with a wide range of applicable apparatuses. 

Moreover, it is another object of the present invention to provide toner which exhibits excellent endurance, and is 
capable of giving copied images with high image density and without fogging on white portions, even after prolonged 
and continuous use. 

30 It is still another object of the present invention to provide toner which, when used for forming photocopies of 

photograph images containing characters, exhibits clarity in the characters in the copied image, and which gives density 
gradation true to the photograph images in the original. 

It is yet another object of the present invention to provide toner for developing an electrostatic image, comprising 
toner particles containing at least binder resin and colorant, wherein resin components having a molecular weight in 

35 a range of 2,000 to 100,000, prepared by preparative liquid chromatography from the binder resin, exhibits an M/S 
ratio not smaller than 200, the M/S ratio representing a ratio of an average molecular weight by weight (M) measured 
by a light scattering method to an inertia radius (S) measured by a light scattering method. 



40 



45 



55 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a DSC curve for rising temperature of the wax (b) used in the embodiment of the present invention. 
Fig. 2 shows a DSC curve for dropping temperature of the wax (b) used in the embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 



The reason why resin components (polymers) having a range of 2,000 to 100,000 in molecular weight and having 
been prepared by preparative liquid chromatography was brought to attention regarding the present invention will be 
described below. 

The reason why resin components with molecular weight less than 2,000 are not included is that dimers and trimers 
so of monomers are likely to be formed, instead of forming polymers having branched chains which is the aim of the 
present invention. This is particularly true with polyester resins. 

The reason why resin components, i.e. polymers, with molecular weight greater than 100,000 are not included is 
that prepared samples show increase in their elasticity rather than their viscosity, so that they are not considered as 
components for providing good fixability. 

The reason for the M/S ratio of 200 or greater in the polymers having a molecular weight in a range of 2,000 to 
100,000, which have been prepared by preparative liquid chromatography, is that the molecular weight per unit length 
of the polymers is great, indicating that there is a great number of branched polymers. Polymers with more branches 
have a smaller inertia diameter than polymers with less branches, resulting in less interaction between polymers, 
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thereby decreasing viscosity. 

When the M/S ratio is less than 200 in the polymers having a molecular weight in a range of 2,000 to 100,000, 
which have been prepared by preparative liquid chromatography, the viscosity reducing effects due to branching are 
small even if the polymers are branched, resulting in poor fixability not different from that of unbranched polymers. 
s The M/S ratio of the polymers having a molecular weight in a range of 2,000 to 1 00,000, which have been prepared 

by preparative liquid chromatography, is preferably 300 or greater more preferably 400 or greater, and most preferably 
420 to 2000. 

The more the M/S value exceeds 200, i.e., the more the branched polymers exist, the better the dispersibility in 
the binding resin of the magnetic material, charge controlling agent or other additives is made when manufacturing the 
io toner particles, thereby obtaining good toner developability, selective developability is controlled regarding image prop- 
erties, and environmental stability is good. 

The following describes examples of methods of controlling the branching degree of the binder resin and its glass 
transition temperature. 

With an example for polyester resin, polyester of low molecular weight and polyester of high molecular weight are 

15 synthesized separately in advance, and polycarboxylic acid and/or polyhydric alcohol (having 3 or more carboxyl or 
hydroxyl groups) are added when blending these polyester molecules, thereby conducting condensation polymeriza- 
tion. This method enables synthesis of polyester resin with many branched chains Further, the length of the branched 
chains can be controlled by regulating the molecular weight of the polyester synthesized separately in advance. Thus, 
binder resin which is most favorable for the present invention can be obtained. 

20 With an example for vinyl resin, a Afunctional or greater radical polymerization initiator is added to the reaction 

system plural times during the polymerization process, thus forming polymers with branched chains. However, if ad- 
dition of the radical polymerization initiator is not split into plural times but is added at a time, the number of branched 
chains on each polymer chain is, in almost all cases, smaller than the functional group number of the radical polym- 
erization initiator by two, and consequently, effects of decreased viscosity due to an increased degree of branching in 

25 the present invention are hardly obtained. 

In the present invention, it is preferable that the amount of resin components in the range of 2,000 to 100,000 
according to molecular distribution measurement by Gel Permeation Chromatography (GPC method) for the THF- 
soluble matter of the binder resin or the toner is 50% to 90%. These resin components are important to provide viscosity 
and good stability. In the event that the presence of the components in the range of 2,000 to 100,000 is less than 50%, 

30 the viscosity of the toner decreases, and fixability deteriorates, particularly, in high-speed photocopiers. In the event 
that the presence of the components in the range of 2 : 000 to 100,000 is more than 90%, the viscosity of the toner 
increases, and the high-temperature anti-offset and wrapping anti-offset properties suffer. 

Examples of the binder resin that may be used in the present invention include polyester resin, vinyl resin, and 
epoxy resin. Of these, polyester resin and vinyl resin are preferable because of stability and charging properties, and 

35 polyester resin is particularly preferable. 

The following can be given as monomers to be used for forming the polyester resin. 

For alcohol components, the following may be exemplified: ethylene glycol; propylene glycol; 1 ,3-butanediol; 
1,4-butanediol; 2,3-butanediol; diethylene glycol; triethylene glycol; 1,5-pentanediol; 1 ,6-hexanediol; neopentyl glycol; 
2-ethyl-1,3-hexanediol; hydrogenated bisphenol A; bisphenol derivatives represented by formula A, 

40 

Formula A 

H-^O R)- 0 -<g^C-^>-0 -(RO) y H 

CH 3 

so wherein R represents an ethylene or propylene group, x and y each represent an integer of 1 or greater, with the 

average value of x + y being 2 to 10; 
and diols represented by formula B, 
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Formula B 



H-OR^O-^g)— O-R'O-H 

wherein FT represents -CH 2 CH 2 -, 



CH 3 CH 3 

I I 

-CH 2 -CH-, or -CH 2 -C-, 



CH 3 



As for the dicarboxylic acid, the following may be exemplified: benzene dicarboxylic acids or anhydrides thereof 
such as phthalic acid, terephthalic acid, isophthalic acid, and phthalic anhydride; alkyl dicarboxylic acids and anhydrides 
thereof such as succinic acid, adipic acid, sebacic acid, azelaic acid, and, succinic acid substituted with an alkyl group 
having 8 to 18 carbon atoms or anhydrides thereof; and unsaturated dicarboxylic acids or anhydrides thereof such as 
fumaric acid, maleic acid, citraconic acid, and itaconic acid. 

Polyhydric alcohols include glycerin, pentaerythritol, sorbitol, sorbitan, oxyalkylene ether of novolak type phenol 
resins or the like; and polycarboxylic acids include trimellitic acid, pyromellitic acid, benzophenone tetracarboxylic acid, 
and anhydrides thereof. 

It is preferred that the glass transition temperature of the polyester resin is 45 to 80°C, and more preferably 50 to 
70°C. The average molecular weight by number (or number average molecular weight) (Mn) according to GPC method 
is preferably in the range of 1 ,000 to 80,000, and more preferably 1 : 500 to 50,000. The average molecular weight by 
30 weight (or weight average molecular weight) (Mw) according to GPC method is preferably 5,000 to 1 x 10 7 , and more 
preferably 1 x 10 4 to 5 x 10 6 . 

When the acid value of the polyester resin is in the range of 2 to 70, and the OH value thereof is 50 or less, more 
preferably in the range of 2 to 45, the influence of environment conditions such as temperature and humidity becomes 
less, and the charging properties of the toner are stabilized further. 
35 The following may be exemplified as monomers for forming the vinyl resin: styrene; styrene derivatives such as 

o-methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorstyrene, 
3,4-dichlorstyrene, p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene, p-n-hexylstyrene, p-n- 
octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, p-n-dodecylstyrene; ethylenically unsaturated monoolefins such as 
ethylene, propylene, butylene, isobutylene; unsaturated diolefins such as butadiene; halogenated vinyls such as vinyl 
chloride, vinylidene chloride, vinyl bromide, vinyl fluoride; vinyl esters such as vinyl acetate, vinyl propionate, vinyl 
benzoate; a-methylene aliphatic monocarboxylic acid esters such as methyl methacrylate, ethyl methacrylate, propyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethyfhexyl 
methacrylate, stearyl methacrylate, phenyl methacrylate, dimethyl aminoethyl methacrylate, diethyl aminoethyl meth- 
acrylate; acrylic esters such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate, propyl acrylate, n- 
octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chlorethyl acrylate, phenyl acrylate; vinyl 
ethers such as vinyl methyl ether, vinyl ethyl ether, vinyl isobutyl ether; vinyl ketones such as vinyl methyl ketone, vinyl 
hexyl ketone, methyl isopropylphenyl ketone; N-vinyl compounds such as N-vinyl pyrrole, N-vinyl carbazole, N-vinyl 
indole, N-vinyl pyrrolidone; vinyl naphthalenes; acrylate or methacrylate derivatives such as acrylonitrile, methacrylo- 
nitrile, acrylamide; and esters of aforementioned a, P-unsaturated acids, and dibasic acid diesters. 

Further examples which may be used as monomers for forming the vinyl resin include: unsaturated dibasic acids 
such as maleic acid, citraconic acid, itaconic acid, alkenyl succinic acid, fumaric acid, mesaconic acid; unsaturated 
dibasic anhydrides such as maleic anhydride, citraconic anhydride, itaconic anhydride, alkenyl succinic anhydride; 
half-esters of unsaturated dibasic acids such as methyl maleate half-ester, ethyl maleate half -ester, butyl maleate half- 
ester, methyl citraconate half-ester, ethyl citraconate half-ester, butyl citraconate half-ester, methyl itaconate half -ester, 
ss methyl alkenyl succinate half-ester, methyl fumarate half-ester and methyl mesaconate half-ester; esters of unsaturated 
dibasic acids such as dimethyl maleic acid and dimethyl fumaric acid; a, ^-unsaturated acids such as acrylic acid, 
methacrylic acid, crotonic acid and cinnamic acid; a, p-unsaturated acid anhydrides such as crotonic anhydride and 
cinnamic anhydride; anhydrides of the aforementioned a, p-unsaturated acids and lower fatty acids; alkenyl malonic 
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acid, alkenyl glutaric acid and alkenyl adipic acid, and monoesters thereof and anhydrides thereof, which are vinyl 
monomers having carboxyl groups. 

As for the radical polymerization initiator which is trifunctional or greater, the following may be exemplified: radical 
polymerization multifunctional polymerization initiators such as tris(t-butyl peroxy)triazine, vinyltris(t-butyl peroxy)si- 
5 lane, 2,2-bis(4,4-di-t-butyl peroxycyclohexy I) propane, 2 : 2-bis(4,4-di-t-amyl peroxycyclohexyl)propane, 2,2-bis(4,4-di- 
t-octyl peroxycyclohexyl)propane, 2,2-bis(4,4-di-t-butyl peroxycyclohexy I) butane, and the like. Using the aforemen- 
tioned method in which such multifunctional polymerization initiators are used, the binder resin having the M/S ratio of 
200 or greater can be synthesized. 

It is preferable that the vinyl resin has at least one peak within the range of 2,000 to 100,000 of molecular weight 
10 in the molecular weight distribution according to GPC, and that there is at least one peak in the range of molecular 
weight not smaller than 100,000. 

The glass transition temperature of the vinyl resin is preferably 45 to 80°C, and more preferably 50 to 70°C. 

The toner according to the present invention may use charge controlling agent in order to further stabilize the 
charging properties thereof. The amount of the charge controlling agent is preferably 0.1 to 10 parts by weight based 
is on 100 parts by weight of binder resin, and more preferably, 0.1 to 5 parts by weight. 

The charge controlling agents known at present in this field include the following. As the charge controlling agents 
which control the toner to have negative charge, organic metal complexes and chelate compounds are exemplified as 
effective ones. Metal complexes such as monoazo metal complexes, aromatic hydroxycarboxylic acid metal complexes 
and aromatic dicarboxylic acid metal complexes are named. Other examples include aromatic hydroxycarboxylic acids, 
20 aromatic mono- and poly- carboxylic acids and metal salts, anhydrides and esters thereof, and phenol derivatives of 
bisphenol. As the charge controlling agents which control the toner to have positive charge, compounds of nigrosine 
or triphenyl methane-type compounds, rhodamine dyes and polyvinyl pyridine may be exemplified. 

When preparing color toner, it is preferable that any one of the following two is employed: a binder resin which 
contains a monomer of an amino-bearing carboxylate such as dimethyl aminomethyl methacrylate which exhibits pos- 
25 jtive chargeability, in the amount of 0. 1 to 40 mol%, and preferably, 1 to 30 mol%; or a colorless or light-colored positive 
charge controlling agent which does not influence the tone of the toner. Quaternary ammonium salts such as shown 
in the formulas C and D may be exemplified as the positive charge controlling agents. 

30 Formula C 



Rb 





SO*"" 



35 



Ra — N— Rd 



Rc 



Re 



40 



wherein Ra, Rb, Rc, and Rd are each an alkyl group having 1 to 10 carbon atoms or a phenyl groups expressed by 




45 



wherein R' represents an alkyl group having 1 to 5 carbon atoms, and Re represents -H, -OH, -COOH, or an alkyl 
group having 1 to 5 carbon atoms. 



so 
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Formula D 



Rf 


\ 


+ SOS - 


I 

N 








k 




/ 


Rg 



\ 



wherein Rf represents an alkyl group having 1 to 5 carbon atoms, and Rg represents -H, -OH, -COOH, or an alkyl 
group having 1 to 5 carbon atoms. 

Of these quaternary ammonium represented by structural formulas C and D, it is more preferable to use the positive 
charge controlling agents represented by the following structural formulas C-1 , C-2, or D-1 , as these positive charge 
controlling agents exhibit good charging properties which are less affected by environmental conditions. 



Formula C-1 
/ 

C4H9 

1 

C<H 9 — N — C 4 H 9 



\ 




35 



40 



Formula C-2 
/ 

C4H9 

1 

C4H 9 - N - C 4 H 9 
\ CH 2 -<g> 



\ 



/ 




45 



50 



55 



Formula D-1 



C4H9 




When using an amino-bearing carboxylate such as dimethyl aminomethyl methacrylate which exhibits positive 
chargeability, as the resin component of the binder resin of the positive charging toner, it is preferable to use a positive 
charge controlling agent or negative charge controlling agent if necessary. 
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When an amino-bearing carboxylate such as dimethyl aminomethyl methacrylate which exhibits a positive charge 
is not used as the resin component of the binder resin of the positive charging toner, it is preferable to use a positive 
charge controlling agent in the amount of 0.1 to 15 parts by weight based on 100 parts by weight of binder resin, 
preferably, 0.5 to 10 parts by weight. In the event that an amino-bearing carboxylate is used, it is preferable to use a 
5 positive charge controlling agent and/or negative charge controlling agent, if necessary, in the amount of 0 to 10 parts 
by weight per 100 parts by weight of binder resin, preferably, 0 to 8 parts by weight. 

When using the toner according to the present invention as magnetic toner, the following can be used as magnetic 
material in the magnetic toner: iron oxides such as magnetite, maghemite, and ferrite, as well as iron oxides containing 
other metal oxides; metals such as Fe, Co, Ni, alloys of these metals with metals such as Al. Co, Cu, Pb, Mg, Ni, Sn, 
io Zn, Sb, Be, Bi Cd, Ca, Mn, Se, Ti, W, and V, and compounds thereof. 

The following may be given as examples of the magnetic material: triiron tetroxide (Fe 3 0 4 ), iron oxide (III) (y- 
Fe 2 0 3 ), zinc iron oxide (ZnFe 2 0 4 ), yttrium iron oxide (Y 3 Fe s 0 12 ), cadmium iron oxide (CdFe 2 0 4 ), gadolinium iron oxide 
(Gd 3 Fe 5 -0 12 ), copper iron oxide (CuFe 2 0 4 ), lead iron oxide (PbFe 12 -0 19 ), nickel iron oxide (NiFe 2 0 4 ), neodymium 
iron oxide (NdFe 2 0 3 ), barium iron oxide (BaFe 12 O ig ), magnesium iron oxide (MgFe 2 0 4 ) : manganese iron oxide 
is (MnFe 2 0 4 ), lanthanum iron oxide (LaFe0 3 ), iron powder (Fe), cobalt powder (Co), nickel powder (Ni), and the like. 
The aforementioned magnetic materials may be used alone or in a combination of two or more kinds. Magnetic material 
particularly preferable for the attaining the object of the present invention is fine powder of triiron tetroxide ory-iron 
oxide (III). 

Such magnetic material preferably has an average particle diameter of 0.1 to 2um and, when 10K oersted is 
20 applied, magnetic properties of coercive force of 20 to 1 50 oersted, saturation magnetization of 50 to 200 emu/g, more 
preferably 50 to 100 emu/g, and residual magnetization of 2 to 20 emu/g. 

Preferably, magnetic material should be used in the amount of 10 to 200 parts by weight per 100 parts by weight 
of binder resin, and more preferably, 20 to 150 parts by weight to the same. 

For the colorant, carbon black, titanium white, and all other pigments and/or dyes may be used. Examples of dyes 
25 that can be used in an application to magnetic color toner include the following: C.I. direct red 1 , C.I. direct red 4, C.I. 
acid red 1, C.I. basic red 1, C.I. mordant red 30, C.I. direct blue 1, C.I. direct blue 2, C.I. acid blue 9, C.I. acid blue 15, 
C.I. basic blue 3, C.I. basic blue 5, C.I. mordant blue 7, C.I. direct green 6, C.I. basic green 4, C.I. basic green 6, and 
the like. Examples of pigments include the following: chrome yellow, cadmium yellow, mineral-fasTyellow, navel yellow, 
naphthol yellow S, hansa yellow G, permanent yellow NCG, tartrazine lake, chrome orange, molybdenum orange, 
30 permanent orange GTR, pyrazolone orange, benzidine orange G, cadmium red, permanent red 4R, watching red cal- 
cium salt, eosin lake, brilliant carmine 3B, manganese purple, fast violet B, methyl violet lake, ultramarine blue, cobalt 
blue, alkali blue lake, victoria blue lake : phthalocyanine blue, fast sky-blue, indantherene blue BC, chrome green, 
chrome oxide, pigment green B, malachite green lake, final yellow green G, and the like. 

As for colorants for color toner in application for full-color image forming, the following can be given. Examples of 
35 colorant pigments for magenta include: C.I. pigment red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
21, 22, 23, 30, 31, 32, 37, 38, 39, 40, 41, 48, 49, 50, 51, 52, 53, 54, 55, 57, 58, 60, 63 : 64, 68, 81 , 83, 87, 88, 89, 90, 
112, 114, 122, 123, 163, 202, 206, 207, 209, C.I. pigment violet 19, C.I. vat red 1,2, 10, 13, 15, 23, 29, 35, and the like. 

While pigments may be used alone, it is more preferable for full-color image formation to use pigments along with 
dyes, thereby improving the clarity and consequently the image quality. Examples of dyes for magenta include: oil 
40 solvent dyes such as C.I. solvent red 1, 3, 8, 23, 24, 25, 27, 30, 49, 81, 82, 83, 84, 100, 109, 121, C.I. disperse red 9, 
C.I. solvent violet 8, 13, 14, 21, 27, C.I. disperse violet 1; and basic dyes such as C.I. basic red 1, 2, 9, 12, 13, 14, 15, 
1 7, 1 8, 22, 23, 24, 27, 29, 32, 34, 35, 36, 37, 38, 39, 40, C.I. basic violet 1 , 3, 7, 10, 14, 1 5 : 21 , 25, 26, 27, 28, and the like. 

Examples of colorant pigments for cyan include: C.I. pigment blue 2, 3, 15, 16, 17, C.I. vat blue 6, C.I. acid blue 
45 or a copper phthalocyanine pigment which is a phthalocyanine skeleton according to the structure shown in Formula 
45 E with substituent of 1 to 5 phthalimidemethyl groups thereto; or the like. 
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Formula E 
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wherein n represents 1 to 5. 

Examples of colorant pigments tor yellow include: C.I. pigment yellow 1 , 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 



25 17, 23, 65, 73, 83, C.I. vat yellow 1, 3, 20, and the like. 

Preferably, colorant should be used in the amount of 0.1 to 60 parts by weight per 100 parts by weight of binder 
resin, and more preferably, 0.5 to 50 parts by weight to the same. 

One or more types of release agent may be contained in the toner of the present invention, as necessary. Release 
agents which may be used in the present invention include the following: aliphatic hydrocarbon waxes such as low- 
so molecular weight polyethylene, low-molecular weight polypropylene, microcrystalline wax, and paraffin wax. 

As for aliphatic hydrocarbon waxes : wax obtained according to the following may be used: e.g., low molecular 
weight alkylene polymers polymerized by either conducting radical polymerization of alkylene under high pressure, or 
conducting polymerization under low pressure with a Zeigfer catalyst; alkylene polymers obtained by thermal decom- 
position of high molecular weight alkylene polymers; and synthetic hydrocarbons obtained from the distillation residue 

35 of hydrocarbons obtained by a synthetic gas comprising carbon monoxide and hydrogen according to Arge method, 
or by hydrogenating these distillation residue of hydrocarbons. Also, waxes obtained from fractionated hydrocarbon 
waxes according to such methods as press sweating method, solvent method, employing of vacuum distillation, or 
fractionated crystallization method may be used. One example of an aliphatic hydrocarbon wax is such that a DSC 
curve measured by means of a differential scanning calorimeter exhibits the following properties regarding the endo- 

40 thermic peak during rising of temperature and the exothermic peak during dropping of temperature: such that the 
endothermic onset is within the range of 50 to 110°C, having at least one endothermic peak within the range of 70 to 
130°C, and wherein the maximum exothermic peak for dropping temperature exists within a range of ±9°C of the 
aforementioned endothermic peak. Hydrocarbons to be used as the host include the following: hydrocarbons with up 
to several hundred carbon atoms, synthesized by means of reaction between carbon monoxide and hydrogen using 

45 metal oxide catalysts (often multi-element) and obtained by means of methods such as the synthol method, hydrocoal 
method (using, fluid catalysts bed), or Arge method (using, fixed catalysts bed) which can obtain many waxy hydro- 
carbons; or polymerizing alkylenes such as ethylene by means of a Zeigler catalyst. Also, waxes synthesized according 
to methods other than polymerizing alkylenes may be used. 

The following may be used as release agents: oxides of aliphatic hydrocarbon wax such as polyethylene oxide 

so wax, or block copolymers thereof; waxes with fatty acid ester as the main constituent thereof such as carnauba wax 
and ester montanic acid wax, and waxes with fatty acid esters with the fatty acid ester thereof partially or completely 
deoxidized such as deoxidized carnauba wax. Further, the following can also be given as examples: Saturated straight- 
chain fatty acids such as palmitic acid, stearic acid, and montanic acid; unsaturated fatty acids such as brassidic acid, 
eleostearic acid, and parinaric acid; saturated alcohols such as stearyl alcohol, aralkyl alcohol, behenyl alcohol, car- 

ss naubyl alcohol, ceryl alcohol, and melissyl alcohol; polyhydric alcohols such as sorbitol; fatty acid amides such as 
amide linoleate, amide oleate, and amide laurate; saturated fatty acid bis amides such as methylbisstearamide, eth- 
ylenebiscaprylamide, ethylenebislauramide, and hexamethylenebisstearamide; unsaturated fatty acid amides such as 
ethylenebisoleamide, hexamethylenebisoleamide, N.N'-dioleiladipamide, and N.N'-dioleilsebacamide; aromatic bis 
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amides such as m-xylenebisstearamide and N,N'-distearylisophthalamide; fatty acid metal salts (generally refered to 
as metal soaps) such as calcium stearate, calcium laurate, zinc stearate, and magnesium stearate; grafted waxes 
formed by grafting vinyl monomers such as styrene or acrylic acid to aliphatic hydrocarbon waxes; partialy esterized 
substances of fatty acids such as monoglyceride behenate and polyhydric alcohols; and methylester compounds having 
hydroxyl groups obtained by means of hydrolyzing vegetable fat and oil. 

Release agents preferably used in the present invention include aliphatic alcohol waxes and alkyl monocarboxylic 
acid waxes. Expression 1 represents aliphatic alcohol wax. 

Expression 1 

CH 3 (CH 2 ) x CH 2 OH (1) 

wherein X represents an average value, and is in the range of 20 to 250. 
75 Expression 2 represents alkyl monocarboxylic acid wax. 

Expression 2 

20 CH 3 (CH 2 ) Y CH 2 COOH (2) 

wherein Y represents an average value, and is in the range of 20 to 250. 
It is preferable that the amount of release agent used in the present invention be 0.1 to 20 parts by weight per 100 
parts by weight of binder resin, and more preferably, 0.5 to 10 parts by weight to the same. 

The release agent is generally added to the binder resin using such methods as dissolving the resin in a solvent 
and raising the temperature of the resin solution which is then agitated, into which the release agent is mixed in, or by 
mixing in the parting agent when kneading the resin. 

Fluidity improving agents may be also used in the toner according to the present invention. Fluidity improving 
agents which exhibit an increase in fluidity of the toner particles following adding thereof may be used. Examples 
include: fluorine resin powders such as fine powder of fluorovinylden and fine powder of polytetrafluoroethylene; fine 
powder silica such as wet method silica and dry method silica; and processed silica where the surface of the afore- 
mentioned silica is processed by means of a silane coupling agent, titanium coupling agent, silicone oil, or the like. 

A preferable fluidity improving agent is fine powder generated by means of vapor phase oxidation of silicon halogen 
compounds, and is referred to as dry method silica or humed silica, and is prepared according to known methods. An 
example is empbying heat decomposition oxidation of silicon tetrachloride gas in oxyhydrogen flame, with the following 
reaction expression being basic. 
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SiCI 4 +2H 2 +0 2 ^Si0 2 +4HCI 

In the preparing process thereof, it is possible to obtain composite fine powder substance of silica and other metal 
oxides by using other metal halogenated compounds such as aluminum chloride or titanium chloride along with the 
silicon halogenated compound, and such is included as silica. It is preferable for the average primary particle diameter 
of the silica fine powder to be within the range of 0.001 to 2 ^im, and more preferable to be within the range of 0.002 
to 0.2 um 

The following are examples of commercially available fine silica powder, generated by means of vapor phase 
oxidation of silicon halogenated compounds, the product names being listed. 
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AEROSIL (JAPAN AEROSIL CO. LTD) 



130 

200 

300 

380 

TT600 

MOX170 
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Ca-O-SiL (CABOT CO. , LTD) 



Wacker HDK N 20 ( WACKER-CHEMIE GMBH) 



MOX80 
C0K84 
M-5 
MS-7 
MS-75 
HS-5 
EH- 5 
VI 5 
N20E 
T30 
T40 

D-C FINE SILICA (DOW CORNING CO. LTD. ) 
Fransol (Fransil CO- , LTD.) 

Further, it is even more preferable to use processed fine silica powder which is prepared by subjecting the afore- 
mentioned fine silica powder generated by means of vapor phase oxidation of silicon halogenaled compounds to hy- 
drophobic processing. Particularly preferable is fine silica powder processed so that the hydrophobic degree measured 
by methanol titration testing shows a value in the range of 30 to 80. 

Hydrophobizing is conducted by chemically processing the fine silica powder with organic silicon compounds or 
the like which react with the fine silica powder or physically adhere thereto. A preferable method is to process the fine 
silica powder generated by means of vapor phase oxidation of silicon halogenated compounds with organic silicon 
compounds. 

Examples of such organic silicon compounds include: hexamethyl disilazane, trimethyl silane, trimethyl chlorosi- 
lane, trimethyl ethoxysilane, dimethyl dichlorosilane, methyltrichlorosilane : allyldimethyl chlorosilane, allylphenyl 
dichlorosilane, benzyldimethyl chlorosilane, bromomethyldimethyl chlorosilane, a-chloroethyl trichlorosilane, p-chlo- 
roethyl trichlorosilane, chloromethyldim ethyl chlorosilane, triorgano silylmelcaptan, trimethyl silylmelcaptan, triorgano 
silylacrylate, vinyldimethyl acetoxysilane, dimethyl ethoxysilane, dimethyl dimethoxysilane, diphenyl diethoxysilane, 
hexamethyl disiloxane, 1 ,3-divinyltetramethyl disiloxane, 1 ,3-diphenyltetramethyl disiloxane, and dimethyl polysi- 
loxanes which have 2 to 12 siloxane units per molecule and a hydroxy group bonded to a single Si atom on each of 
the units located on the end, and the like. These may be used singularly or as a mixture of a plurality thereof. 

The aforementioned dry method silica processed with either the following coupling agents having amino groups, 
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or silicone oil, for used as a positive-chargeable fluidity improving agent. 

H 2 NCH 2 CH 2 CH 2 Si (OCH 3 ) 3 

5 

H 2 NCH 2 CH 2 CH 2 Si (OC 2 H s ) 3 

" CHa 

I 

H 2 NCH 2 CH 2 CH2Si (OCHa^ 
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H 2 NCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCHs) 2 



H 2 NCONHCH 2 CH 2 CH 2 Si (OC 2 H 5 ) 3 
H 2 NCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3 
H 2 NCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3 
H 3 C 2 OCOCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3 
H 5 C 2 OCOCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3 
H 5 C 2 OCOCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si(OCH 3 ) 3 
H 3 COCOCH 2 CH 2 NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3 



45 H5C2 



- CHaCH^HaSi (0CH3)s 



HzN»-<^— Si (OCHs)s 
<^^— NHCH.C^CH^i (OCH^ 
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H 3 NCH 2 CH 2 NHCH 2 ^<g>-CH 2 CH 2 Si (OCH*)* 



HaC 

ftC / N -<Q^Si (OC 2 H 5 ) 3 

H 2 NCH 2 — <^y~ CH 2 CH^i (OCH3) 3 
H 2 NCH 2 CH 2 NHCH 2 -<g>^CH 2 CH 2 Si (OCH 3 ) 3 
H0CH 2 CH 2 

^N-CH 2 CH 2 CH 2 Si (OCH3) 3 

HOCH 2 CH 2 

(H 2 CO) 3 SiCH 2 CH 2 CH 2 - NHCH 2 

(HeC 2 0) 3 SiCH 2 CH 2 CH 2 



3S (HsC^WaSiCH^CH, 



H 2 CNHCH 2 CH 2 CH 2 Si (OC 2 H 5 ) 3 
H 2 N(CH 2 CH 2 NH) 2 CH 2 CH 2 CH 2 Si (OCH 3 ) 3 
H 3 C - NHCONHC 3 H 6 Si (OCH 3 ) 3 



Amino modified silicone oil possessing a partial structure having amino groups on the side chain of the following 
formula is generally employed for the silicone oil. 
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wherein represents a hydrogen atom, alkyl group, aryl group, or alkoxy group; Rg represents an alkylene 
group or phenylene group; and R 3 and R 4 are each a hydrogen atom, an alkyl group or an aryl group and wherein the 
aforementioned alkyl group, aryl group, alkylene group, and phenylene group may contain amine, or may have a 
substituent group such as halogen or the like to the extent that the charging properties are not affected, and further 
wherein m and n represent positive integers. The following are examples of such silicone oils containing amino groups. 



20 


Product name 


Viscosity at 25°C 
(cps) 


Amine equivalency 




SF8417 (Manufactured by TORAY SILICONE CO., LTD.) 


1200 


3500 




KF393 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


60 


360 


25 


KF857 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


70 


830 




KF860 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


250 


7600 




KF861 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


3500 


2000 




KF862 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


750 


1900 


30 


KF864 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


1700 


3800 


KF865 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


90 


4400 




KF369 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


20 


320 




KF383 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


20 


320 




X-22-3680 (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


90 


8800 


35 


X-22-380D (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


2300 


3800 




X-22-3801C (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


3500 


3800 




X-22-3810B (Manufactured by SHIN-ETSU CHEMICAL CO., LTD.) 


1300 


1700 



The amine equivalency represents the equivalency (g/eqiv) per single amine, and is calculated by dividing the 
molecular weight by the number of amines per molecule. 

The fluidity improving agent provides favorable results when the relative surface area according to nitrogen ad- 
sorption measured by the BET method is SOmZ/g or greater, and more preferably 50m 2 /g or greater. It is preferable 
that the amount of fluidity improving agent used in the present invention be 0.01 to 8 parts by weight per 100 parts by 
weight of toner particles, and more preferably, 0.1 to 4 parts by weight to the same. 

The toner particles of the present invention may be manufactured by sufficiently mixing the binder resin, coloring 
agent and/or magnetic material, charge controlling agent, and other additives by means of a mixing machine such as 
a Henschel mixer or ball-mill, following which the resins are caused to melt together by means of melting and milling 
using a thermal kneading machine such as a kneader or extruder, and then the molten kneaded material is cooled and 
solidified, then the solid material is pulverized and classified to obtain toner particles. 

Further, the toner particles may be mixed with fluidity improving agent having the same charging polarity as the 
toner particles, such mixing being conducted by means of a mixing machine such as a Henschel mixer, thereby obtaining 
toner which has a fluidity improving agent on the surface thereof. 

Measurement of the properties of the binder resin were conducted as described below. 
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(1 ) Preparation of the range of 2,000 to 100,000 in molecular weight of the binder resin and toner, prepared by 
preparative liquid chromatography: 

Preparation of the range of 2,000 to 100,000 in molecular weight of the binder resin and toner, prepared by pre- 
parative liquid chromatography was conducted using recycle preparative equipment, Model HPLC LC-908, manufac- 
tured by NIHON BUNSEKI KOGYO CO., LTD. Samples for the preparative liquid chromatography are prepared as 
follows: 

The sample and chloroform are mixed and left standing at room temperature for several hours, e.g., 5 or 6 hours, 
following which the mixture is shaken to be mixed well i.e., until there are no more sample coalescences, and subse- 
quently further left to stand at room temperature for 12 hours or longer, e.g., 24 hours. The time elapsed from the initial 
mixing of chloroform and sample to the end of the standing period should be 24 hours or longer. The mixture is then 
passed through a sample processing filter of a pore size 0.45 to 0.5 urn, with such as MAISHORI DISK H-25-2 man- 
ufactured by TOSO CO., LTD, or EKIKURO DISK 25CR manufactured by GERMAN SCIENCE JAPAN CO., LTD. being 
preferably employed, thereby obtaining a sample for preparative liquid chromatography. 

As for the preparative column used for the preparative liquid chromatography, a preparative column selected from 
the following is used: JAIGEL-1 H, JAIGEL-2H, JAIGEL-3H, JAIGEL-4H, JAIGEL-LS255, JAIGEL-5H, and JAIGEL-6H 
manufactured by NIHON BUNSEKI KOGYO CO., LTD. 

(2) Measurement of average molecular weight by weight (M) and the inertia radius (S), measured by means of light 
20 scattering method: 

Measurement of the average molecular weight by weight (M) and the inertia radius (S) was conducted by means 
of the static light scattering method, using a light scattering method photometer DLS-700 manufactured by OHTSUKA 
DENSHI CO., LTD. Measurement of the ratio of change of the sample differential refraction index as to the sample 
concentration (dn/dc) must be made in order to conduct molecular weight measurement according to the static light 
scattering method. The measurement of dn/dc was carried out using high-sensitivity differential refractometer DRM- 
1020 manufactured by OHTSUKA DENSHI CO., LTD. The measurement was conducted according to the following 
procedures. 

The resin and toner to be measured are dissolved in tetrahydrofuran (THF) or chloroform and left standing over- 
night, and then filtered through a 0.2 urn filter following which the concentration of the sample is adjusted. This con- 
centration-adjusted sample was subjected to testing by changing the intensity and measurement angle of the scattering 
light, from which the average molecular weight by weight (M) and the inertia radius (S) was obtained according to the 
following Expression I. 



25 



30 



35 



40 



Expression I ^^ 1+ l|LV)sin 2 |^..) + 2>4 2 C + 



3r 

wherein M represents the average molecular weight by weight, A2 represents a secondary virial coefficient, S 
represents the inertia radius, C represents the concentration, and X represents the wavelength of the light within 
the solution; 
and wherein 

45 r 2 € A 

R(e)= vT 
v e c o 

wherein 6 represents the angle of scattering, V e represents the volume of scattering, € e represents the intensity 
of the scattered light, € 0 represents the intensity of incident light, and r represents the distance from the center of 
^o scattering to the observation plane; 

and further wherein 



55 



a 2 2 

4*^0 ( dn ,2 
AM?*** 



wherein N A represents an Avogadro number, \ represents the wavelength of incident light, n 0 represents the 
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refraction index of the solvent, and 

^ represents the ratio of change of the sample differential refraction index as to the sample concentration, meas- 
ured by means of high-sensitivity differential refractometer DRM-1020. 

5 The average molecular weight by weight (M) and the inertia radius (S) was thus calculated according to Expression 

I. 

(3) Measurement of molecular weight according to GPC method 

io Molecular weight distribution in a chromatogram by measurement of the binder resin and toner made by GPC 

method (gel permeation chromatography) is conducted under the following conditions. The measurement sample is 
prepared as follows: 

The sample and tetrahydrofuran (THF) are mixed well at a concentration of approximately 0.5 to 5 mg/ml, e.g., 
approximately 5 mg/ml, and left at room temperature for several hours, e.g., 5 or 6 hours, following which the mixture 

75 is shaken to mix the chloroform and sample together well, i.e., until there are no more sample coalescences, and 
subsequently further left to stand at room temperature for 12 hours or longer, e.g., 24 hours. The time elapsed from 
the initial mixing of THF and sample to the end of the standing period should be 24 hours or longer. The mixture is 
then passed through a sample processing filter of a pore size 0.45 to 0.5 ujti, with such as MAISHORI DISK H-25-2 
manufactured by TOSO CO., LTD, or EKIKURO DISK 25CR manufactured by GERMAN SCIENCE JAPAN CO., LTD. 

20 being preferably employed, thereby obtaining a sample for GPC. The concentration of the sample is then adjusted to 
be 0.5 to 5 mg/ml. 

In the GPC measurement equipment, the column is stabilized within a heat chamber set at 40°C, THF is poured 
to the column at this temperature at a rate of 1 ml per minute, 100uJ of THF sample solution is injected in, and meas- 
urement is made. When molecular weight of the sample is measured, the molecular weight distribution of the sample 

25 is calculated from the relation between the logarithm of a calibration curve made from several types of monodispersed 
polystyrene reference samples : and a counted number. For the reference polystyrene samples, is appropriate to use 
something manufactured by e.g., TOSO CO., LTD. orSHOWADENKOCO., LTD., having a molecular weight of around 
10 2 to 10 7 , and to use at least around 10 points of such reference polystyrene samples. A refraction index (Rl) detector 
is used for the detector thereof. A combination of several commercially available polystyrene gel columns is preferable, 

30 examples of such to be used in combination being: combinations of shodex GPC KF-801, 802, 803, 804, 805, 806, 
807, 800P, manufactured by SHOWA DENKO CO., LTD.; or combinations of TSK gel G1000H(H XL ), G2000H(H XL ), 
G3000H(H XL ), G4000H(H XL ), G5000H(H XL ), GSOOOH^xl), G7000H(H XL ), and TSK guard column, manufactured by 
TOSO CO., LTD. 

Generally, with GPC chromatography measurement, the high molecular weight side starts measurement from the 
35 point that the chromatogram starts rising from a base line, and the low molecular weight side measures upto a molecular 
weight of approximately 400. 

The abundance ratio of the range of molecular weight of 2,000 to 100,000 in GPC chromatography can be calcu- 
lated by figuring the ratio of the integrated value of the range of 2 : 000 to 100,000. Or, the GPC chromatogram may be 
cut out, the weight of the entirety thereof measured, following which the range of molecular weight of 2,000 to 100,000 
40 is cut out and the weight thereof measured, and by figuring the ratio of the range of molecular weight of 2,000 to 1 00,000 
as compared to the entire weight of the GPC chromatogram, the abundance ratio thereof can be measured. 

(4) Glass transition temperature Tg 

45 Measurement is made using differential thermal analysis measurement apparatus (DSC measurement apparatus) 

DSC-7 (manufactured by PARKIN ELMER CO., LTD.) 

5 to 20 mg of measurement sample, preferable 10 mg, is precisely measured. This is placed in an aluminum pan, 
and using an empty aluminum pan as reference, measurement is made under the conditions of measurement temper- 
ature range of 30 to 200°C, temperature increase rate of 10°C/min, and of normal temperature and normal humidity. 

50 The endothermic peak of the main peak obtained is in the range of 40 to 1 00°C during this temperature rise. The glass 
transition temperature Tg in the present invention is defined by the intersection between: the line of the central point 
between the base lines before and after this endothermic peak is detected; and the differential thermal curve. 

(5) Measurement of acid value and OH value 

55 

1 ) Regarding acid value 

The sample is measured precisely, dissolved in a mising solvent and water is added thereto. Potential differential 
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titration of this liquid is conducted with 0. 1 N-NaOH using glass electrodes, thus measuring the acid value (in accordance 
with JIS K1 557-1 970). Regarding the acid value of the developer, attach preparative equipment when conducting 
measurement of molecular weight distribution, dry the prepared material, and measure in the same manner as the 
aforementioned. 

2) Regarding OH value 



Precisely measure 100ml of the sample into an eggplant type flask, and correctly add 5ml of acetylated reagent 
thereto. Subsequently, the flask is immersed in a bath at 100°C ± 5°C, and heated. After 1 to 2 hours the flask is 
retrieved from the bath and cooled, following which water is added and the flask is shaken, decomposing the acetic 
anhydride. In order to further complete the decomposition, the flask is returned to the bath to heat for 10 minutes or 
more, then cooled, following which the walls of the flask are washed well with an organic solvent. Potential differential 
titration of this liquid is conducted with an N/2 potassium hydroxide ethylalcohol using glass electrodes, thus measuring 
the hydroxyl group value (in accordance with JIS K0070-1 966). 

The present invention will now be described in further detail with reference to the following examples. 

Resin preparation Example 1 



51 mol% of fumaric acid and 49 mof% of the bisphenol derivative represented by Formula A, wherein R is a pro- 
20 pylene group and wherein x + y = 2.2, were subjected to condensation polymerization, thereby obtaining a polyester 
resin a wherein the number average molecular weight (Mn) according to GPC method was 2,600, the weight average 
molecular weight (Mw) was 8,000, and Tg was 50°C. A polyester resin p was obtained by using the same constituent 
as with a but lengthening the time of condensation polymerization, wherein the number average molecular weight (Mn) 
according to GPC method was 15,000, the weight average molecular weight (Mw) was 89,000, and Tg was 60°C. 
25 The polyester resins a and p were mixed at a weight ratio of 3: 1 , trimellitic acid anhydride was added thereto so 

that the amount thereof was 10 mol%. Condensation polymerization was conducted, thereby obtaining a Resin No. 1 
without THF-insoluble components and wherein the number average molecular weight (Mn) according to GPC method 
was 9,000, the weight average molecular weight (Mw) was 500,000, and Tg was 60°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 1 , prepared 
30 by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 850,000 and inertia radius (S) of 700 A, thus the M/S ratio is 1,214. 

Resin preparation Examples 2 to 4 

35 

Resins No. 2 to 4 as shown in Table 1 were obtained in the same way as with Resin preparation Example 1 , except 
that the composition, reaction conditions, and blend ratio was changed. 

Resin preparation Example 5 

40 

The polyester resin a in Resin preparation Example 1 and Resin No. 4 from Resin preparation Example 4 were 
mixed at a weight ratio of 2:1 , trimellitic acid anhydride was added thereto so that the amount thereof was 20 mo!%. 
Condensation polymerization was conducted, thereby obtaining a Resin No. 5 wherein the number average molecular 
weight (Mn) according to GPC method was 16,000, the weight average molecular weight (Mw) was 842,000, and Tg 
45 was61°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 5, prepared 
by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 1,176,000 and inertia radius (S) of 3,675 A, thus the M/S ratio is 320 

so 

Resin preparation Example 6 



The polyester resin a in Resin preparation Example 1 and Resin No. 4 from Resin preparation Example 4 were 
mixed at a weight ratio of 1 :1 , trimellitic acid anhydride was added thereto so that the amount thereof was 30 mol%. 
Condensation polymerization was conducted, thereby obtaining a Resin No. 6 wherein the number average molecular 
weight (Mn) according to GPC method was 18,200, the weight average molecular weight (Mw) was 887,000, and Tg 
was60°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 6, prepared 
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by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 1,278,000 and inertia radius (S) of 5,782 A, thus the M/S ratio is 221. 

Resin preparation Example 7 (comparative example) 

24 moi% of terephthalic acid, 18 mol% of dodecenyl succinate, 8 mol% of trimellitic acid anhydride, 17 mol% of 
the bisphenol derivative represented by Formula A, wherein R is a propylene group and wherein x + y = 2.2, and 33 
mol% of the bisphenol derivative represented by Formula A, wherein R is a ethylene group and wherein x + y = 2.2, 
were subjected to condensation polymerization, thereby obtaining a Resin No. 7 with 0% THF-insoluble components 
and wherein the number average molecular weight (Mn) according to GPC method was 3,180, the weight average 
molecular weight (Mw) was 48,100, and Tg was 58°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 7, prepared 
by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 54,600 and inertia radius (S) of 287 A, thus the M/S ratio is 190. 

Resin preparation Example 8 (comparative example) 

5 mol% of f umaric acid, 46 mol% of trimellitic acid anhydride, and 49 mol% of the bisphenol derivative represented 
by Formula A, wherein R is a propylene group and wherein x + y = 2.2, were subjected to condensation polymerization, 
thereby obtaining a Resin No. 8 wherein the number average molecular weight (Mn) according to GPC method was 
17,000, the weight average molecular weight (Mw) was 850,000, and Tg was 62°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 8, prepared 
by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 576,000 and inertia radius (S) of 3,600 A, thus the M/S ratio is 160. 

Resin preparation Example 9 (comparative example) 

49.5 mol% of f umaric acid, 0.5 mol% of trimellitic acid anhydride : 25 mol% of the bisphenol derivative represented 
by Formula A, wherein R is a propylene group and wherein x + y = 2.2, and 25 mol% of the bisphenol derivative 
represented by Formula A, wherein R is a ethylene group and wherein x + y = 2.2, were subjected to condensation 
polymerization, thereby obtaining a Resin No. 9 wherein the number average molecular weight (Mn) according to GPC 
method was 6,000, the weight average molecular weight (Mw) was 40,000, and Tg was 60°C. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of the Resin No. 9, prepared 
by preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) 
and the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight 
average molecular weight (M) of 87,360 and inertia radius (S) of 546 A, thus the M/S ratio is 160. 

Values indicating the properties of Resins No. 1 to 9 are shown in Table 1 . 
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Resin preparation Example 10 

83 parts by weight of styrene, 12 parts by weight of n-butylacrylate, 5 parts by weight of monobutyl maleate, 1 part 
by weight of di(t-butyl) peroxide, and 200 parts by weight of xylene were placed in a reactor, the atmosphere therein 
which was then sufficiently replaced with nitrogen, following which polymerization was initiated at 138 to 144°C. Tris- 
(t-butyl peroxy)triazine, a multifunctional radical polymerization initiator, represented below was added 5 times after 
polymerization was initiated, every 30 minutes, 0.3 parts by weight every time. Xylene was removed while raising the 
temperature to 200°C under reduced pressure, over the course of 4 hours from polymerization initiation, thus obtaining 
Resin No. 10. 

Tris-(t-butylperoxy)triazine 
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The obtained Resin No. 1 0 was subjected to the GPC method wherein the number average molecular weight (Mn) 
was 5,300, the weight average molecular weight (Mw) was 11 ,300, and Tg was 60°C. 

Resin preparation Example 11 

Resin No. 11 was obtained in the same way as with Resin preparation Example 10, except that tris-(t-butyl peroxy) 
triazine was added 2 times after polymerization was initiated, every hour, 0.3 parts by weight every time. 

The obtained Resin No. 11 was subjected to the GPC method wherein the number average molecular weight (Mn) 
was 5,750, the weight average molecular weight (Mw) was 11 ,700, and Tg was 59.5°C. 

Resin preparation Example 12 

Resin No. 1 2 was obtained in the same way as with Resin preparation Example 1 0, except that tris-(t-butyl peroxy) 
triazine was not added after polymerization was initiated. 

The obtained Resin No. 1 2 was subjected to the GPC method wherein the number average molecular weight (Mn) 
was 5,470, the weight average molecular weight (Mw) was 11 ,450, and Tg was 60.7°C. 

Resin preparation Example 1 3 

83 parts by weight of styrene, 1 2 parts by weight of n-butylacrylate, 5 parts by weight of monobutyl maleate, 1 part 
by weight of di(t-butyl)peroxide, 0.3 parts by weight of tris-(t-butyl peroxy)triazine, and 200 parts by weight of xylene 
were placed in a reactor, the atmosphere therein which was then sufficiently replaced with nitrogen, following which 
polymerization was initiated at 138 to 144°C. Xylene was removed while raising the temperature to 200°C under re- 
duced pressure, over the course of 4 hours from polymerization initiation, thus obtaining Resin No. 1 3. 

The obtained Resin No. 1 3 was subjected to the GPC method wherein the number average molecular weight (Mn) 
was 5,470, the weight average molecular weight (Mw) was 11 ,550, and Tg was 59.8°C. 
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Resin preparation Example 14 

70 parts by weight of styrene : 24.7 parts by weight of n -buty lac ry late, 5 parts by weight of monobutyl maleate, 
0.03 parts by weight of divinylbenzene, and 0.1 parts by weight of benzoil peroxide were mixed together, to which 
mixture 170 parts by weight of water into which had been dissolved 0.12 parts by weight of partially saponificated 
polyvinyl alcohol was added and violently stirred, so as to make a suspended dispersion solution. 500 parts by weight 
of water was added to a reactor, the atmosphere therein which was then sufficiently replaced with nitrogen, following 
which the aforementioned suspended dispersion solution was added, and suspension polymerization reaction was 
conducted for 8 hours at 80°C. Subsequently, following reaction, the substance was washed, dehydrated, and dried, 
thus obtaining Resin No. 14. 

The obtained Resin No. 1 4 was subjected to the GPC method wherein the number average molecular weight (Mn) 
was 236,000, the weight average molecular weight (Mw) was 1 ,427,000, and Tg was 60.5°C. 

Resin preparation Example 15 

A xylene solution of resin was mixed so that Resin No. 10 and Resin No. 14 were mixed at a weight ratio of 4:1 , 
following which the xylene was removed and the substance was dried, thereby obtaining Resin No. 15. 

Resin preparation Example 16 

Resin No. 16 was obtained in the same way as with Resin preparation Example 15, except that Resin No. 11 and 
Resin No. 1 4 were mixed at a weight ratio of 4:1 . 

Resin preparation Example 17 

Resin No. 17 was obtained in the same way as with Resin preparation Example 1 5, except that Resin No. 12 and 
Resin No. 1 4 were mixed at a weight ratio of 4: 1 . 

Resin preparation Example 18 

Resin No. 1 8 was obtained in the same way as with Resin preparation Example 1 5, except that Resin No. 1 3 and 
Resin No. 14 were mixed at a weight ratio of 4:1 . 

Values indicating the properties of Resins No. 15 to 18 are shown in Table 2. 
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Example 1 

100 parts by weight of Resin No. 1 , 90 parts by weight of magnetic iron oxide (average particle diameter 0.1 5 jam, 
He11 5 oersted, aBO emu/g, arl 1 emu/g), 5 parts by weight of release agent (a) [aliphatic alcohol wax CH 3 (CH 2 )xCH 2 OH 
(wherein X = 48, and OH value = 70)], and 2 parts by weight of monoazo metal complex (negative charge controlling 
agent) were mixed by means of a Henschel mixer, following which molten kneading was conducted at 1 30°C by means 
of a twin-screw kneading extruder. After naturally cooling the kneaded substance, it was roughly pulverized by means 
of a cutter mill, following which pulverization was conducted by means of a pulverizer using jet streams, then further 
classified by means of a pneumatic classifier thereby obtaining magnetic toner particles having 6.5 ujti in weight 
average particle diameter. 1.0 part by weight of hydrophobic dry-method silica (BET 300m 2 /g) was externally added 
to 100 parts by weight of the magnetic toner particles by means of a Henschel mixer, thus obtaining toner. 

Preparation of resin component of the range of 2,000 to 100,000 in molecular weight of this toner, prepared by 
preparative liquid chromatography, was conducted, and measurement of the weight average molecular weight (M) and 
the inertia radius (S) was conducted by means of the light scattering method, where the results shows weight average 
molecular weight (M) of 840,950 and inertia radius (S) of 695 A, thus the M/S ratio is 1,210. 

This toner was evaluated regarding the image properties thereof by means of a digital photocopier GP-55 manu- 
factured by CANON, obtaining favorable results as shown in Table 3-2. The fixing unit of the digital photocopier GP- 
55 was removed, and external driving and temperature controlling functions were provided to the photocopier, thereby 
conducting fixing tests at various fixing speeds, obtaining favorable results as shown in Table 3-2. 

The density gradation properties were good in the image properties evaluations. Further, the phenomena called 
selective developing wherein only small toner particles are developed and used did not occur even after 20,000 copies 
were made, the half-tone image quality was almost unchanged as the initial quality, and a smooth image without irreg- 
ularities in density was obtained. 

The method of evaluation is as follows: 

Half-tone image quality 

The half-tone image quality was evaluated by first making a copy of an A4 size 0.3 half-tone solid full-sheet original, 
and the copied image was measured at 10 random points by means of a Macbeth reflection densitometer, and the 
difference between the greatest value and the least value obtained was the standard by which evaluation was con- 
ducted. Here, half-tone image quality refers to the uniformity of the density of the half-tone image copied. To say that 
an image has poor half-tone uniformity or poor half-tone image quality means that the copied half-tone image has 
irregularities in the density thereof. The following shows the evaluation standards for half-tone image quality. 



Difference between 

"the greatest image density 

value and the least value 



Half-tone evaluation 
standards 



Less than 0.10 
0,10 or greater but less than 0.15 
0.15 or greater but less than 0.20 
0.20 or greater but less than 0.25 
>0.25 or greater 



A 
B 
C 
D 
E 



Image density 



The evaluation standard of image density was based on the image density after completing a great number of 
copies. The following shows the evaluation standards for half-tone image quality. 
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1.31 or greater 

1.26 or greater but less than 1.31 
1-21 or greater but less than 1.25 
1.16 or greater but less than 1.21 
less than 1.16 
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B 
C 
D 
E 



1 $ Density gradation properties 
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An image chart with 17 gradation differences in density, including half-tone, is created, and a copy made of that 
chart is compared visually with the original chart and evaluated on a scale of five. 



A 


Excellent 


B 


Good 


C 


Fair 


D 


Poor 


E 


Bad 



30 Selective developing 

The volume average particle diameters of toner on the developing sleeve following making of many copies and 
the evaluated toner are each measured by means of the Coulter counter method, and the difference between the 
volume average particle diameter of toner on the developing sleeve following making of many copies and that of the 
evaluated toner was used for judgment. 
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Difference between the volume average particle diameter of toner on 
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the evaluated toner (u,m) 


Selective developing evaluation standards 


less than 1 .00 
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1 .00 or greater but less than t .25 
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1 .25 or greater but less than 1 .50 
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1 .50 or greater but less than 1 .75 
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1 .75 or greater 
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Line splattering (degree of line images being smashed) 

Line splattering evaluation was conducted as follows: First, an original image is created, which consists of patterns 
of 5 fine lines equal in line width and line spacing. The variations within the image are line spacing being 2 8 lines 
within t mm, 3.2 lines, 3.6, 4.0, 4.5, 5.0, 5.6, 6.3, 7.1, 8.0, 9.0, and 10.0 lines per mm. An original with these 12 types 
of patterns is copied under appropriate photocopying conditions, and the copied image was viewed under a magnifying 
glass to distinguish the number of fine lines (lines/mm) which can be discerned as being clearly separated from neigh- 
boring lines, which was used as the means for evaluation. Here, the greater the number of lines which are clearly 
separated from neighboring lines there are, i.e., the greater the value of lines per mm is, the better the state of line 
splattering is. The following shows the evaluation standards for line splattering. 
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Line splattering evaluation standards 


8.0 
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7.1 
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6.3 
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5.6 
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5.0 


E 
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Environmental stability 
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20,000 copies were made under the following conditions: N/N environment (temperature 23.5°C, relative humidity 
60%RH), H/H environment (temperature 30°C, relative humidity 80%RH), and N/L environment (temperature 23.5°C, 
relative humidity 5%RH); following which the image density of the copies made around 20,000 copies was used as 
the evaluation standard. The difference between the environment of these 3 exhibiting the highest density and that 
exhibiting the lowest density was used as the evaluation standard for environmental stability. The smaller difference 
in image density, the better the environmental stability was judged to be. 
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Difference between the greatest image density vale and the lowest 
image density value 


Environmental stability evaluation standards 




less than 0.03 


A 




0.03 or greater but less than 0.05 


B 


25 


0.05 or greater but less than 0.10 


C 




0.10 or greater but less than 0.13 


D 




0.1 3 or greater 
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Fixing properties 

In order to evaluate fixing properties, the fixing unit for a CANON photocopier NP-9800 was reworked and an 
external testing fixing unit was created so as to allow for changing the process speed (fixing speed) and fixing roller 
temperature. Copies created with the CANON photocopier GP-55 of solid images and half-tone images were used in 
an unfixed state before passing through the fixing unit, in the test for fixing properties. 

The solid images and halMone images in an unfixed state were passed through the external testing fixing unit of 
which the fixing roller temperature was changed from 100°C to 245°C in increments of 5°C. The fixing properties of 
the fixed images having passed through the fixing unit were used for evaluation. 

Evaluation of the fixing properties was conducted by rubbing the image with SIRUBON paper 10 times back and 
forth under approximately 100g or pressure, and the drop in reflective density in % was used for evaluation of the 
image being rubbed off. The greater the drop in reflective density, the more toner is being rubbed off, meaning that the 
fixability of the toner is bad. 

Solid images and half-tone images in an unfixed state were passed through the external testing fixing unit of which 
the temperature of the fixing roller was raised from 1 00°C in increments of 5°C, and the temperature of the fixing roller 
at which the rate of drop in reflective density following rubbing of the fixed image became less than 10% was set as 
the fixing initiation temperature. 

Regarding high-temperature offset, and evaluation of "good" was passed on samples where high-temperature 
offset did not occur up to temperatures of 240°C of the fixing roller. The offset phenomena is a phenomena wherein 
part of the unfixed toner image, being in a soft and molten state because of the heat of the heating roller, is transferred 
to the surface of the fixing roller, thereby soiling it. 

Regarding wrapping offset, any curling of the paper passing though the external fixing unit during testing of the 
fixing properties was judged to be bad, and those which exhibited no such curling to wrap onto the fixing roller were 
judged as being good. Examples 2 to 10 

Toners No. 2 to No. 10 were obtained in the same way as with Example 1 , except that the binder resin and release 
agent were changed as shown in Table 3-1 . The particle size after 20,000 was hardly any different than the initial value, 
with good image properties being obtained. The results of the testing are shown in Table 3-2. 

In Examples 8 through 10, the following wax (b) was used as a release agent. Wax (b) was obtained from synthe- 
sized hydrocarbon wax by fractional crystallization by means of the Arge method. The DSC properties of the wax (b) 
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were measured according to the following procedures. 

Measurement of the DSC properties of the wax is conducted by measuring the heat exchange and behavior thereof, 
and according to measurement principles, it is necessary to conduct the measurement with a high-precision internal 
thermal input compensation type differential scanning calorimeter. The DSC-7 manufactured by PARKIN ELMER CO., 
LTD. may be used, for example. 

The measurement method was conducted in accordance with ASTM D341 8-82. The DSC curve used in the present 
invention is a DSC curve measured when the temperature is caused to rise once, wherein the previous hysteresis is 
taken, following which the temperature is lowered and raised in a range of 0 to 200°C at a rate of 10°C/min. The 
definitions of the temperatures are as follows. 

Endothermic peak of wax (positive direction is the endothermic direction) 

Endothermic onset temperature of wax (OP): Within the temperature where the integrated value of the peak curve 
reaches maximum, a tangent line is drawn at the lowest temperature, and the intersection between this tangent line 
and the base line is this temperature. 

Endothermic peak temperature of wax (PP): Peak-top temperature 
Exothermic peak of wax (negative direction is the exothermic direction) 
Temperature of exothermic peak of wax: Temperature of peak-top of maximum peak 

DSC measurement of the wax (b) showed the onset temperature when the temperature was rising to be 67°C, the 
endothermic peak temperature when the temperature was rising to be 105°C, and the exothermic peak temperature 
when the temperature was falling to be 103°C. The DSC properties of wax (b) are shown in Fig. 1 and Fig. 2. 

Comparative Examples 1 to 5 

Comparative Examples 1 to 5 were obtained in the same way as with Example 1 , except that changes were made 
to the binder resin as shown in Table. 3-1, and the thus prepared toner was evaluated in the same manner as with 
25 Example 1 . The results thereof are shown in Table 3-2. 
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Claims 

1. A loner for developing an electrostatic image, comprising toner particles containing at least binder resin and col- 
orant, 

5 wherein the resin components of a range of 2,000 to 100,000 in molecular weight, prepared by preparative 

liquid chromatography from said binder resin, exhibit an M/S ratio of 200 or greater, the M and S being a weight 
average molecular weight (M) measured by means of light scattering method and an inertia radius (S) measured 
by means of light scattering method : respectively. 

10 2. The toner according to Claim 1 , wherein M/S is 300 or greater. 

3. The toner according to Claim 1 , wherein IWS is 400 or greater. 

4. The toner according to Claim 1 , wherein M/S is 420 to 2,000. 
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5. The toner according to Claim 1 , wherein resin components in the range of 2,000 to 1 00,000 according to molecular 
distribution measurement by Gel Permeation Chromatography (GPC method) of the THF-soluble matter of binder 
resin are 50% to 90%. 

6. The toner according to Claim 1 , wherein said binder resin is a polyester resin, and the number average molecular 
weight (Mn) and the weight average molecular weight (Mw) according to GPC method of the THF-soluble matter 
of said polyester resin are 1,000 to 80,000, and 5,000 to 10,000,000, respectively. 

7. The toner according to Claim 1 , wherein said binder resin is a polyester resin, the M/S is 300 or greater, the resin 
components in the range of 2,000 to 100,000 according to molecular weight distribution measurement by GPC 
method are 50% to 90%, the number average molecular weight (Mn) according to GPC method of said polyester 
resin is 1 ,000 to 80,000, and the weight average molecular weight (Mw) thereof according to GPC method is 5 000 
to 10,000,000. 

8. The toner according to Claim 7, wherein the number average molecular weight (Mn) according to GPC method of 
said polyester resin is 1 ,500 to 50,000, and the weight average molecular weight (Mw) according to GPC method 
is 10,000 to 5,000,000. 

9. The toner according to Claim 6 or 7, wherein the acid value of said polyester resin is 2 to 70. 

10. The toner according to Claim 9, wherein the OH value of said polyester resin is 50 or less. 

11. The toner according to Claim 6 or 7, wherein the glass transition temperature of said polyester resin is45to80°C. 

12. The toner according to Claim 11 , wherein the glass transition temperature of said polyester resin is 50 to 70°C. 



13. The toner according to Claim 6 or 7, wherein said polyester resin is generated by means of preparing polyester of 
low molecular weight and polyester of high molecular weight separately in advance, and adding polyhydric alcohol 
or polycarboxylic acid having 3 or more hydroxyl or carboxyl groups when blending the polyester molecules ob- 

45 tained thus, thereby conducting condensation polymerization. 

14. The toner according to Claim 1, wherein said binder resin is a vinyl resin, said vinyl resin has at least one peak 
within the range of 2,000 to 1 00,000 of molecular weight in the molecular weight distribution according to GPC of 
the THF-soluble matter, and there is at least one peak in the range above 100,000 in molecular weight. 



15. The toner according to Claim 14, wherein M/S of said vinyl resin is 300 or greater. 

16. The toner according to Claim 14, wherein M/S of said vinyl resin, is 400 or greater. 
55 17. The toner according to Claim 14, wherein M/S of said vinyl resin is 420 to 2,000. 

18. The toner according to Claim 14, wherein the glass transition temperature of said vinyl resin is 45 to 80°C. 
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19. The toner according to Claim 14, wherein the glass transition temperature of said vinyl resin is 50 to 70°C. 

20. The toner according to Claim 14, wherein said vinyl resin is generaged by adding a trifunctional or greater radical 
polymerization initiator to the reacting system a number of times during the polymerization reaction process. 

21. The toner according to Claim 14, wherein said vinyl resin is a styrene-acrylate copolymer. 



22. The toner according to Claim 1 , wherein said toner particles contain an aliphatic hydrocarbon wax wherein a DSC 
curve measured by means of a differential scanning calorimeter exhibits the following properties regarding the 
10 endothermic peak during rising of temperature and the exothermic peak during dropping of temperature, such that 

the endothermic onset is within the range of 50 to 110°C, having at least one endothermic peak within the range 
of 70 to 1 30°C, and the maximum exothermic peak for dropping temperature exists within a range of ±9°C of the 
aforementioned endothermic peak. 

is 23. The toner according to Claim 1 , wherein said toner particles contain an aliphatic alcohol wax represented by the 
following Expression (1), 



CH 3 (CH 2 ) x CH 2 OH (1) 

wherein X represents an average value, and is an integer in the range of 20 to 250. 

24. The toner according to Claim 1 , wherein said toner particles contain an alkyl monocarboxylic acid wax represented 
by the following Expression (2), 

CH 3 (CH 2 ) Y CH 2 COOH (2) 
wherein Y represents an average value, and is an integer in the range of 20 to 250. 
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